American 


POTATO 
JOURNAL 


Volume 34 November 1957 Number Il 


CONTENTS 


The relation of physical properties and chemical composition 
to mealiness in the potato, II, Chemical composition 


M. Unravu anp R. E. NyLunpb 


A comparison of sod crops for use in rotation with potatoes 


T. Optanp J. FE. SHEEHAN 


The effect of fertilization on the susceptibility of potatoes to 
late blight 


AWAN AND R. A. STRUCHTEMEYER 


Control of the potato flea beetle with applications of insecticides 
to the soil 


W. A. Rawiins W. R. Youne 
Effect of illumination and waxing on the chlorophyll develop- 
ment in scrubbed White Rose potato tubers 


DD. Howarp, M. Yamacucut anp Il. Tim™ 


USDA proposes revision of grade standards for potatoes 


Official Publication of 


THE POTATO ASSOCIATION OF AMERICA 
NEW BRUNSWICK, NEW JERSEY, U.S. A 


| 
3). 
> 2+ 
330 


American Potato Journal 


PUBLISHED BY 
THE POTATO ASSOCIATION OF AMERICA 
NEW BRUNSWICK, N. J. 


EXECUTIVE COMMITTEE 


J. C. Camppecr, Editor-in-Chief 
Wa. H. Martin, Honorary Editor 
I. S. Crark, Associate Editor 


Rutgers University, New Brunswick, New Jersey 


R. W. Houcas, President University of Wisconsin, Madison, Wis. 
N. M. Parks, Vice President Department of Agriculture, Ottawa, Canada 
W. J. Hooker, Secretary Michigan State University, East Lansing, Mich. 
Joun C, Campuert, Treasurer Rutgers University, New Brunswick, N. J. 
Cecem. broreney, Past President Colorado A & M College, It. Collins, Colo. 
Orkin C. Turnouist, Director University of Minnesota, St. Paul 1, Minn. 
Wa. G. Hoyvman, Director North Dakota Agricultural College, Fargo, N. D 


kK. J. Wueecer, Director Michigan State University, East Lansing, Mich 


Price $4.00 per year in North America; $5.00 in other countries. 


Entered as second class matter at New Brunswick, N. J., March 14, 1942 under Act of March 3, 
1879. Accepted for mailing at special rate of postage provided for in section 412, Act of February 
28, 1925, authorized on March 14, 1928 


SUSTAINING MEMBERS 


STarks Farms Route 3, Rhinelander, Wisconsin 
Bacon Brotner 1425 So. Racine Ave., Chicago 8, Illinois 
L. L. Orns Seep Co Madison, Wisconsin 
FRANK L.. CLark, Founder Clark Seed Farms Richford, New York 
Rep Dor Foons, [Ne Madison, Wisconsin 
Roum & Haas Company Washington Square, Philadelphia 5, Pennsylvania 
Wise Poratro Curp Ce Pennsylvania 
jouN Bean Drviston, Fooo Macutnery Corp Lansing 4, Michigan 
S. Kennepy & Sons, Growers and Shippers of Potatoes and Onions Clear Lake, Iowa 
Matiteson Cuemicar Corp Mathieson Bldg., Baltimore 3, Maryland 
AMERICAN AGRICULTURAL CHEMICAL Co Carteret. New Jersey 
Lockwoop Graver Corp Gering, Nebraska 
Epwarp H. Anverson & Co 1425 So. Racine Ave., Chicago 8, Illinois 


E. I. pu Dont pe Nemours & Co. (INc.), 
Grasselli Chemicals Dept Wilmington 98, Delaware 


— 

der 
By 

J 

a 

a 
= 

- 

. 

F 

i | 

3} 

= t | 


THE RELATION OF PHYSICAL PROPERTIES AND CHEMICAL 
COMPOSITION TO MEALINESS IN THE POTATO. 
IH. CHEMICAL COMPOSITION! 


A. M. Unravu? ann R. E. Nytunp’ 


INTRODUCTION AND LITERATURE REVIEW 


In a previous paper (30), some experimentally determined relation 
ships between mealiness and certain physical properties of the potato were 
described, This paper is a report of studies on the chenuecal composition 
of potatoes and its relationship to mealiness. 

Many investigations (3, 6, 13) have dealt with the chemical com 
position of potato tubers. Likewise, many experiments have been conducted 
to determine the relationships between various chenueal components and 
quality characteristics of potatoes. Only papers of the latter type related 
to this report are reviewed. 

Several characteristics which may be attributed to physiological 
changes occurring in the raw tuber have a definite effect on the cooking 
quality of potato tubers. For instance, high sugar content miparts a sweet 
taste to boiled potatoes which is generally considered to be undesirable 
Appleman (2) showed that increases in sugar content during storage of 
tubers at approximately 32° F. was at the expense of starch. Sweetman 
(29) states that tubers will become sweet when stored at any temperature 
below 40° F. and that sugar accumulation is detrimental to flavor, mealiness 
and other culmary qualities. The sugar content of tubers which have 
been stored at low temperatures can be reduced by conditioning at 68-72 
KF. for 10-14 days which in effect removes accumulated sugars by increasing 
respiration rates and/or partially reconverting sugar to starch. It ts of 
considerable value to be able to predict general quality of tubers and 
from results of relatively recent experiments, Heimze ef al (15) coneluded 
that dry matter, alcohol insoluble solids, starch content and speeiic gravity 
all gave reliable quality predictions 

Several studies on the relationships between nitrogen compounds and 
quality of potatoes have been reported \s early as 1897, Coudon and 
Bussard (10) reported that the ratios of nitrogen and protem nitrogen 
to starch were highest for non-mealy potatoes and lowest for mealy 
tubers. Rathsack (27 ) reported that high hitrogen content appeared to 
have a deletertous effect on palatability. Harcourt (14) and Teast (12) 
however, found no relation of nitrogen or protein nitrogen to quality of 
potatoes, ¢ 4% considerable interest are also the phy sical and chemical nature 


of the protems and other nitrogenous components of the potato. The early 


fractionation of potato proteins by Osborne and Campbell (26) and a 


series of more recent investigations, notably by Neuberger and Sanges 
(24), Chick and Slack (7), Slack (28), Levitt and Todd (21) and 


Levitt (18, 19, 20) deseribe potato proteins in some detail 
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The relation of starch content to mealiness in the potato has been 
recognized for some time. The positive correlation of starch content with 
mealiness has been shown by a number of investigators (5,8.9). However, 
simple starch determinations yield no information concerning the two 
components of starch and their relative concentrations. By a spectro 
photometric assay for amylose, MeCready and Hassid (22) determined 
the amylose/amylopectin ratios for various starches and found that potato 
starch contained about 25 per cent of the straight chained polymer amylose, 
the rest bemg the branched chain polymer, amylopectin. Because of the 
different physical properties of these two starcli components (16), varia 
tions im the relative concentrations of each could well alter the gelling 
properties of starch granules and thus affect mealiness of boiled potatoes 
Some evidence that the gelling properties of different tuber groups vary 
has been presented by the authors in a previous paper (30). 


MATERIALS AND METHODS 


Conditions and cultural practices under which the potatoes that were 
used im these experiments were grown are described elsewhere im this 
journal (30). Wherever possible, the same tubers which had been used 
for organoleptic tests were used for subsequent chemical analysis. Where 
separate tubers were used, these were drawn from tuber lots that had 
received the same post-storage conditioning treatments as those used for 
organolepty tests 


l Dry Matter: 

Dry matter was determined by treating raw, ground tubers with a 
constant volume of O.5 per cent sodium bisulphite to prevent excessive a 
oxidation and then drymg the samples of tissue first at 67° C. and then 


to constant weight at 85-90% 


z Ish Determinations : 


Portions of raw, ground tissue (no bisulphite added) were dried to 
constant weight and this material was used for ash determmations. A 
constant volume of magnesium acetate was added to the samples of 
pulverized dry tissue and these mixtures were then ignited in an electri 
muffle furnace at 750-800" 


3. Nitrogen Content: 

Nitrogen determinations were carried out on dried tissue (bisulphite 
aided during drying) as follows. The tissue samples were partially 
digested with concentrated sulphuric acid until a translucent, brown liquid 
was obtaimed. This solution was then adjusted to a desired volume with 
distilled water and the nitrogen in small volumes of the diluted solutions 
determined using the method of Lanni, Dillon and Beard (17). The 
solubility of the nitrogenous components was determimed by extracting 
weighed quantities of finely ground, raw tissue with distilled water, dilute 
salt solution, or 85 per cent ethanol (aqueous) and then determining the 
nitrogen content of these solutions 


} lnalyses for Soluble Sugars 
Soluble sugars were determined by the Lane-Eyvnon method (25) 
and by paper chromatograplical analysis. Simple sugars were extracted 
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with hot 85 per cent ethanol. Aqueous solutions of the sugars were used 
in the Lane-Eynon method. Alcoholic solutions were used im the quanti 
tative chromatographical analysis as follows: mueroliter quantities of 
solution were transferred to paper chromatograms which were developed 
for 36-40 hours using n-butanol ethanol: water as the irrigant. The 
sugar bands were located by spraying narrow marginal strips with Tollens 
reagent. The sugars were eluded from the paper with water and then 
determined quantitatively by the phenol-sulphuric acid speetrophotometrie 
method of Smith ef al. (11) 


5. Determination of Non-Starch Polysaccharid 

Pulverized lyophilized tissue was soaked in water, filtered through 
asbestos Gooch filters, and the soluble proteins removed by precipitation 
with trichloroacetic acid. The solutions did not give a color wath rodine 
KI reagent. The sugar content was determined directly on the aqueous 
extract. The amount of polysaccharide was calculated by subtracting from 
the obtained values the total soluble sugar values previously determined 
by chromatograph analysis 


6. Determination of Starch Content: 

Starch content was determined by acid hydrolysis and by the polar 
metric method of Baleh (4). In the acid hydrolysis, samples of dried, 
vyround tissue were hydrolysed in sealed tubes using O.5 No sulphurie acid 
\fter neutralization of the hydrolysates with barium carbonate, the material 
was filtered while hot, the precipitate washed several times with hot water, 
the final volume of filtrate evaporated under reduced pressure, and the 
residue dissolved in 95 per cent ethanol, The amount. of glucose wa 
determimed chromatographically 


7. TIractionation of Pure Starch 

In order to conduct some of the experiments deseribed im succeeding 
paragrapl it was necessary to obtain pure tare! from the different 
\ tuber lots of each of the three varietr tuber were 
theroughly macerated in a Waring blender using 0.5 per sodiim 
lisulphite solution as the initial extractant. The starch granule were 
separated from the lighter non-stareh mat rial by a senes of centrifugation 
and re-suspensions until a white, granular product was obtamed. Thi 
tarch was dried by extraction with absolute ethanol, acetone, and ethes 
in that order and then ground in a Wiley null to pass a 60 mesh sereen 
and finally passed through a 120 mesh bolting silk sereen. The purity of 


the final product was determined by hydrolysis of small quantities of the 


tarches in the usual manner followed by chromatographic and polarmetrie 
determinations of glucose. The starch samples were further analyzed with 
respect to purity by the method of Baleh (4) and comparing the ex 


] { 1.493 


perimental figures with the reported specific rotation of stare 


Fractionation of Amylose 

Starch, from one of the prepared amples, wa Iractionated imto 
amylose and amylopectin using the method of Montgomery, Hellman and 
Senti (23). The amylose obtained by this method was further purified by 
fractional precipitation with alcohol \n amylose fraction was obtained 
vhich gave EF! value similar to that obtamed for a reference ample 
of amvlose prepared by another method. The amylose sample obtained 
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was used as a standard in the determination of amylose-amylopectin ratios 
of the various starch samples 


4 Determination of Amylose Amylopectin: 

The various starch samples were analyzed for amylose content by 
the method of MeCready and Hassid (22). Instead of using 100 milh- 
gram quantities suggested in this method. 500 milligram quantities were 
used to ensure better sampling. A number of determinations were made 
for each starch sample 


10. Periodate Oxidation Studies: 

Small amounts of amylose and amylopectin were subjected to periodate 
oxidation following essentially, the method of Abdel-Akher and Smith 
(1). Similarly, periodate oxidations were carried out on various potato 
starches. Using the combined data from these experiments, the previously 
determined amylose-amylopectin ratios, and the amount of formic acid 
produced in the oxidation of amylose, the incidence of branching of the 
amylopectins of the various starch samples was estimated, 


RESULTS AND DISCUSSION 


The dry matter, ash and proetem contents of tubers from the 1954 
crop are given in table 1, Although there is a fairly close correlation 
between mealiness and dry matter content, this association does not 
hold for varietal comparisons. Whereas differences between the dry matter 
contents of high specific gravity Red Pontiac, Cobbler and Waseca are 
small, the mealiness seore of the Red Pontiac sample is significantly 
lower than those of the other two varieties. Similarly, m= the comparison 
of lower specific gravity tuber lots, only small differences in dry matter 
exist but Waseca was seored significantly higher in mealiness than the 
other two varieties. Within varieties, mealiness is directly proportional 
to dry matter content (and specific gravity) in Cobbler and Waseca, but 
not in Red Ponta 

Phe ash content of raw tubers of Red Pontiac appears to be somewhat 
higher than in comparable lots of the other two varieties. This difference 
is not evident im the boiled tubers. As indicated by the correlation co 
efficients, there is little, if any, association between mealiness and ash 
content 

Potal crude protein in both raw and boiled tubers appears to be 
inversely related to specific gravity. However, little association between 
protein content and mealiness is apparent. Solubility studies show that 
more than 24 of the total extractable nitrogenous material was dialyzable 
This indicates that most of the nitrogen is present as small poly 


peptides, free amino acids or nitrogen bases. The data in table 1 indicate 
that mealiness is negatively correlated with the content of nitrogenous 
material solution in 85 per cent ethanol. This association would be of real 
significance if, for instance, the simple nitrogenous compounds in some 
manner acted as “mortar agents” between gelatinized starch granules 


or as anti-swelling agents by forming a protective layer around the 
partially gelatinized starch granules 

Sugar, polysaccharide and starch contents are presented in table 2 
Che rather high concentrations of total sugars in Red Pontiac tubers 
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TABLE | Dry matter, ash, and protein content of potatoes differing im 
variety and/or specific gravity and the mealiness scores of each tuber lot 


\sh in Dried “p 
| Crude Protein in Protem 
Variety and = Mealiness Dry Issue of Soluble in 


Spec Gravity Score Matter Raw Boiled aw Boiled (85 per cent 
Dubers Pubers Pubers Pubers Ethanol 
Pet cent Per cent Per cent Per cent Per cent Per cent 
Red Pontias 
1.05 
1.080) 1.58 
1.100 37 7 5 1.68 
Cobbler 
1.080 
1.100 


W 
1.080) 


1.100 


L.o4 


15 


With mealiness 


*Correlation coefficient significant at the 1 per cent level 


and in low speeitic gravity Cobbler and Waseca may, to some extent, 
account for the lower degree of mealiness of these tuber lots. The high 
concentrations of sugars, and soluble polysaccharides may aet m_ the 
sane manner as previously suggested for the small molecular weight 
nitrogenous compounds 

\lthough mealiness is apparently negatively correlated wath poly 
saccharide content, low specific gravity Waseca tubers contained approxi 
mately the same amount of polysaccharide as did Red Pontiac tubers, yet 
were scored significantly higher for mealiness. This pomts out that meal 
ness cannot be related to a single factor but is mest probably affected im 
varying degree by a combination of factors 

The data for starch content are also shown in table 2. Since the 
values obtained by different methods were in reasonably close agreement, 
only those obtained by acid hydrolysis are shown. In general, starch content 
was directly proportional to specific gravity. Hlowever, a should be noted 
that tubers of identical specific gravity but differing m= variety do not 
necessarily have the same starch content. Low specific gravity Red Ponta 
had a lower starch content than comparable samples of Cobbler and Waseca 
Although a positive relationship between mealiness and starch content ts 
evident, the low mealiness score of high specific gravity Red Pontiae 
cannot be ¢ x plained on the basis of starch content alone 

The results from a number of test py ted that the prepared 
starch samples (which were later used for amylose determinations) were 
reasonably pure. In a series of acid hydrolyses of the different starch 
samples, the specific optical rotations of the solutions after 5) «hours 
hydrolysis ranged from 51 
graphically ranged from 95 


to 53.9 The glucose recovered chromato 
to 979 per cent ot the theoretically expected 
amount of glucose. These values are within a rea onably narrow erros 
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fructose fotal sugar poly accharide and 
ol potatoes diffe ring in variety and /or spe cif gravity. 


Percentages (On a dry wt. basis) of 


Polysace 
Potal 
ructose os as Starch 
Ra (jlucose 


range, Further tests for purity imeluded the measurement of optical 
rotation of starch solutions according to the method of Baleh (4) and 
n relating the speeitic rotations to samples of starch of known purity. 
ults obtamed are shown im table 3. The data show that the samples 
degree of purity and it appears that the rotation values 

pure starch should be revised upward. 
the method of MeCready and Hassid(22), the amylose that 


tracthonated trom one of the starch sample Was Compared to reference 


unples of amylose and was found to COMIpaAre favorably. | ‘sing the pre 
| ample as a reference standard in the preparation of a 
andara « the amvlose contents of the vartous starch samples were 


determined thy method mentioned above 1 hic results are presented 


teabole n general tarch from the low specthe gravity tubers contamed 
| Cobbler and Waseca tubers contained more amvlose than 
‘ontiac tubers of the same specific gravity. Mealiness and amylose 
positively correlated. It should be noted that the low. specific 

Waseca tubers scored higher im mealiness than the low’ spectfic 


Cobbler, and also contained more amylose 

he relative amounts of the two components of starch, amylose and 
amvlopectin, may be mipertant m influencing mealiness of potatoes because 
of differences mm the chemneal and physical properties of these components. 
xists as long alpha 1.4 linked polyglucosan chains. This 
amos spacially arranged in the form of a spiral or helix, and upon 
reatment of a solution of amvlose with holinie KI reagent, the typical 

ue to purple rodine--amylose complex results 
Because of the straight, unbranched chain arrangement of amylose. 
parallel alignment the individual chains and strong hydrogen bonding 
eceurs and leads a rigid crystalline compiex. This tendency toward 
cham alignment causes amylose to retrograde rapidly after it has been 

and allowed to cool 


| 
: 
of 
is 
| 2 (,/uco 
farch contents 
ec, Gravit Seore Glucose 
Red Pontia 
5.2 1.93 1.42 2.08 5.43 406 66.5 
1.10 19 1.31 1.6] 3.08 2.27 78.6 
Cobbler 
0.43 119 2.4% 2.55 73.6 
1100 79 0.38 021 0.55 1.14 79.6 
1100 41) 0.59 0.25 0.57 14 1.39 77.3 
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Taste 3.—The purity of the starch samples as determined by the optical 
rotation of starch solutions, concentration 1 per cent 


Speci tic Observed Purity 


Variety 


Red Pontias 1.065 1&6 04 105.8 
1.90 AW 108.1] 
100 209 108.1] 
Cobbler 1.87 05 106.5 
1100 1.87 106.5 


Waseca 1.080) 07 107.6 
L100 1.85 03 105.2 


Corn Stare! 1.83 20) 104.1 


163 


; *Values based on the reported specific rotation ot starch ot 


‘TABLE 4 Amylose contents of starch from the different tuber lots 


Per cent Amylose 
Specitu \lealiness | In On 


Variety (jravits Score Pure Lyophilized | Fresh Wt 


Red 1.065 
1] 1 AZ 5.17 


1.100 


Cobbler 


L100 


Waseca 1.080) 27.2 O49 
L100 


* 


\mylopectin ts also an alpha -1, 4- linked polyglucosan but an addi 
tional linkage exists in that periodically a branch pomt oceurs im which 
a 1.4.6 linkage is involved, the Cy of a glucose molecule of one chain 
linked to a Cy glucose of the other cham. This type of branching gives 
anyvlopectin an arborescent structure more easily hvdrated and ¢ ue ntlhy 
more water soluble. Amylopectin shows very little, if any tendency toward 
retrogradation. 

Because of these differences in physical properties, high concentrations 


of amvlose in potato starch may conter greater meahness while high 
amylopectin content may Calse pastiness m boiled and mashed potato tissue 
The relationship apparent between amvilose content and mealiness, a 
shown in table 4, agrees with this supposition 

‘| he solution tendency of amylopectin could cones ivably vary somewhat 
depending on the degree of branching or the length of the repeating unit 
Thus. short chain lengths of the repeating unit result in a denser “tree 


like” molecule, whereas longer chain lengths would give a more open 


structure. The chain lengths of the repeating units of amylopectin in 
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the different starch samples as determined by periodate oxidation studies 
are presented m table 5. Short chain lengths indicate a greater branching 
frequency. The less mealy samples apparently contain amylopectin with 
a yreater degree of branching than do the more mealy samples. Since, as 
indicated previously, the hydration of the more highly branched chains 
vould be greater, this factor could conceivably contribute to pastiness or 
tickiness of bailed potato tissue. This observation warrants further study. 


Lhe chain lengths (moles anhydro-qlucose per repeating unit) 
of amylopectin in starch of the different tuber lots 


Mealiness Moles Anhyd. Glucos 


Score Repeating Unit* 


Red Pon 
1.080 
1.100 

Cobbler 


1.100 
Waseca 


1.080 
1100 


vith mealiness 


aleulated on basis of amylopectin content of the starch sample 


SUMMARY AND CONCLUSIONS 
Chenueal characteristics which wer found to associated with 


are 


(a) dry matter content, (b) starch content, (c¢) sugar and poly 
accharide content, (d) content of small molecular weight nitro 
yen compounds, and (e) amylose content 

\lealiness is apparently not associated with (a) crude protem content 

and (lb) ash content 

Characteristics which need further investigation to determine more 

precisely their relation to mealiness in potatoes are: (a) the nature 

of the polysaccharides that are apparently present m potatoes, (b) the 
physical effeets of high concentrations of soluble sugars, polysaccharide 
and nitrogen-containing compounds on gelling of starch granules in 
potato tubers, and (ce) the molecular structure of the two components 
Ol potate tarch amvlose anivlopectin, 
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\ COMPARISON OF SOD CROPS FOR USE IN ROTATION 
WITH POTATOES! 


INTRODUCTION 


Growing potatoes continuously year after year on the same land 
eventually leads to decreased yields and poorer quality potatoes. This fact 
is generally recognized by potato growers, The question ts what crop will 
best mamtam favorable soil conditions so that satisfactory crops will 
result. Another important question is how often ts it necessary to introduce 
such a crop in rotation with potatoes. The Rhode Island potatoe grower 
yenerally plants rye following the potato harvest and plows this down the 
following spring for the next crop of potatoes This practice helps to 
maintain favorable soil conditions but does not supply sufficrent organi 
matter to compensate for losses during the growing seasons. Since the 
potato growel venerally aves not have livestock he is not imterested im 
yrowing a crop for hay or pasture m rotation with potatoes he is more 
interested in a crop that can be managed with the least amount of labor 
and the least outlay for equipment. This means im most cases a sod crop 
that can be clipped periodically during the growing season and left on the 
yvround rather than cut for hay 

Many experiments in crop rotations including potatoes have been 
conducted both in Rhode Island and in other states. However, relatively 
few have been conducted where potatoes grown continuously on the same 
land have been compared with rotations where potatoes are grown every 
other vear or for a number of years following an alternate crop. The 
latter is the kind of rotation in which the commercial potato grower 1s 
Host interested. Terman (3) reports results from potato rotation expert 
ments in Maine where continuous potatoes were compared with potatoes 
yrownh th rotation with green manures alternate years. \verage mereases 
up to 50 bushels per acre were obtained where the potatoes were grown 
following green manure crops. Various green manure crops were used 
including both legumes and non-legumes. Japanese millet was the most 
satisfactory green manure crop to alternate with potatoes. 

Smith (2) states that in earher years a common rotation mn upstate 
New York consisted of 2 or 3 vears of some hay crop followed by potatoes. 
This practice has now been largely abandoned and potatoes are grown 1 
shorter rotations or in continuous culture on the better land of the farm 
On Long Island most potatoes are grown on the same area each year 
with a cover crop of rye seeded just after harvest 

Redtop has been one of the best crops to precede potatoes m expert 
ments at this station. In one of these experiments (1) potatoes grown 
continuously vielded 478 bushels per acre whereas following redtop sod 
the averave vield’ was 580 bushels of UL S. Now potatoes per acre 
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ODLAND AND SHEEHAN ROTATIONS POTATOERS 


MATERIALS AND Metitops 


In ordet lo yet Information on what soc CTOps would In the Hist 
effective in maintaming or Mereasing potato vields. an experiment was 
begun at the Rhode Island Station in 195] using six different sod crops ; 


redtop alone, timothy alone, and mixtures of redtop-tumothy, timothy-alsike 
clover, timothy-red clover, and redtop-alsike clover. The sod crops were 
vrown tor wo vears followed by two vears of potatoes bhere were 
two series otf these plots so that all crops were grown every 
plots were 1/30 acre in size with four replicates on each «© 
Katahdin potatoes were used throughout. \ ton per acre of an &-12-12-2 
fertilizer Was used thre potatoes thre son craps a 5 10) 10) tertilizes 
at a rate of OOO pounds per acre was used on the gra legume mixture 
and the same amount of a LO-LO-10 on the grass only 
Crop Was planted following the potato har 
Crop of potatoe or lor see linge the res \n ippheation 
at Cyanannd ws \ ver crop ca 
us to plowing. The wer Lpped 
vyrowing season and left on 
Bridgehanipton Ht 
fertility wl expermment began his area 
rotation ora long period of vears, but had been 
lor sever; irs Just previous to the beginning of the 


ReESULA 
potatoes following two 


are hown 


Vie Id | 5 
acre ny timothy sod te 
comb nation of redtop and trmothy 


less than witl redtop alone \ combination 
produced a shghtly higher average vield th; a combination of timet! 
with either red or alsike clover 

When the individual vear od crop ation msidered (Table 
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than in 1954 and 1956. One reason for this is that in 1953 and 1955 the 
potatoes were grown immediately following the various sod crops. In the 
other two years the potatoes were the second crop following the sod 
crops. All four years were favorable for satisfactory potato yields, The 
1956 season was exceptionally favorable as shown by the higher yields. 
The differences in vields between treatments were not significant in either 
1954 or 1956. The beneticial effect of certain sod crops was not so evident 
in the first year 

The specific gravity of the tubers following the different sod crops 
varied from year to year but there have been no consistent differences 
among the crops harvested following the different sod crops. 

The Agricultural Chemistry Department of the Experiment Station 
made a study of the soil conditions following the different crops. No 
significant differences were found in soil organic matter, aggregation of 
soil particles, bulk density or moisture holding capacity. However, differ 
ences in some of these factors may become evident when the experiment 
has been going for a longer period of years. 

The differences in yields of potatoes following the six different sod 
crops were not very large, in general. However, redtop or combinations of 
clover or timothy with redtop had a slight advantage. Redtop alone was 
the crop that was most easily established and required the least clipping 
during the season. Also, it could be left for a longer time than the two 
years if this became necessary. For the average potato grower in Rhode 
Island, redtop Is probably the best all around sox] ( rop of the SIX compared 
in this experiment for use in a rotation with potatoes. How often to grow 
this ina rotation with potatoes to obtain the maximum results would depend 
on many factors such as the soil type, original soil fertility and) success 
in the use of cover crops. Redtop ts also a dependable crop to use when 
the grower finds it necessary to reduce his potato acreage and plant som 
oil conserving crop on part of his land. 


SUMMARY 


Redtop, timothy, redtop-timothy, timothy-red clover, timothy-alstke 
clover, and redtop-alsike clover were grown in a 4-year rotation with 
Katahdin potatoes. The sod crops were grown for two years followed by 
two vears of potatoes The sod crops were chipped and left on the ground 
The average vields of potatoes for the 4-year period 1953-1956 inclusive 
varied from 478 bushels of U.S. No. 1 potatoes following timothy to 552 
bushels following redtop. Redtop, used in combination with other crops 
was more effective than timothy used similarly in increasing yields of 
potatoes in the rotation. There were no appreciable differences im the 
pecific gravity of the potatoes following the various sod crops. No differ- 
ences were found in soil organic matter, soil aggregation, bulk density ot 
soil moisture holding capacity following the different sod) crops. 


LITERATURE CITED 


Odland, T. FE. and J. FE. Sheehan 1957 The effect of redtop and red clover on 
yields of following crops of potatoes. Amer. Potato Jour. 34 
Smith, O. 1953. Potato production in New York state. Rotations. Cornell Ext 
Bull. 890. pp. 10-11 
3. Terman, G. | 1949. Green manure crops and rotations for Maine potato soils 
Maine Agr. Exp. Sta. Bull. 474 


a 
— 
| 
— 
j 
| 


1957 | \WAN cf al: FERTILIZATION AND LATE BLIGHT 315 


THE EFFECT OF FERTILIZATION ON THE SUSCEPTIBILITY 
OF POTATOES TO LATE BLIGHT! 


Bast AWAN*? anno R.A. 


VMthough the relationship between nutrition and susceptibility te 
Infection in various crops has been recogmzed by many workers (1, 2, 3, 4 
6, 9, 10. 11), only few observations (5. 7. 8) have been made regarding 
the effect of nutrition on late blight of potatoes. These observations have 
mostly been field observations and have not been verified by well planned 
held and greenhouse experiments 

Most of the observations have indicated that soils rich in nitrogen 
produced potato plants that were more susceptible to attack by disease than 
soils that contained large quantities of potassium and phosphorus. There 
was a difference of opinion as to whether phosphorus or potassium was 
the determining factor in the disease resistance of the plants 


MATERIALS AND Metiops 


The object of this experiment was to study the etfeet of different level- 
of fertilization on the incidence of late blight in potatoes. Experiments wer 
conducted both in the field and in the greenhouse at the Mame Agricul 
tural Experimental Station Farm at Presque Isle 
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‘The greenhouse experiment Was set up mn a 3.x 3 factorial design and 
virgin Caribou loam was used as the substrate. The rates of application on 
an acre basis were N: 0, 120 and 240 pounds im the form: of ammonia 
sulphate ; PLO; : 0, 180 and 360 pounds im the form of triple phosphate ; and 
KO: 0, 180 and 360 pounds in the form of potassium chloride. Doloniti 
limestone at the rate of 500 pounds per acre was added to upply Ca and 
Mg to all treatments. The Katahdin variety was used as the host poleanat 

\dvantage was taken of the excellent permanent fertility lot at the 


Maine Agricultural experimental Station for studies on N. Po and K 
nutrition, The mitrogen treatments ranged from 60 to 210 pound per acre 
in pound merements. These treatments were repheated three tine 


There were 6 phosphorus treatments which ranged from O te 350 pound 
| | 


per acre im 70 pound merements while the potassitn wa varied from O 


to 250) pounds per acre im 50) pound inmerement Phe phosphorus and 
potassium treatments were replicated six times 

One plant was selected from each fertilizer treatment. During the 
regular spraying programs these plant were covered with a paper bag 
so that leaves used in this study did not receive a protective film of fungi 
cidal spray 

Cultures of Phytophthora infestans used in this study were obtained 
from blight infected plants in the field and maintained in. the greenhouse 
on potatoes of the Green Mountain variety. The spores were washed from 
the leaves with chilled rain water and the suspension was allowed to stand 
at a temperature of 62° F. for 2 hours 


| 
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From each plant representing a treatment a leaf having 5 leaflets was 
detached and tagged with the plot or can number of each experiment. 
Small balls of absorbent cotton were soaked in the spore suspension and 
placed on the tips of each leaflet. The moculated leaves were placed in 
wooden flats having a 1 inch layer of sterilized moist peat. These flats as 
shown in Figure 1 were covered with glass and incubated in a chamber 
having a near constant temperature of 62° F. to 64° F. They were exposed 
to light from a fluorescent source 


Wooden flats showing the galvanized wire screen on which the 
leaves were placed 


end of two davs the cotton balls were removed The hirst sign 
of the disease was observed at the end of 3 or 4 days as lesions on the 


tips of the leaves. The blight lesions progressed down the leaves from the 
tips. Results were obtained by measuring the size of the lesions in milh 
meters 


Phree sets of inoculations were performed on the leaves detached from 
the plants representing the N, P and K experiments in the field plot 
investigations. In the greenhouse experiments, following the first set of 
inoculation of the detached leaves, an outbreak of leaf roll prevented 
further separate sets of inoculation studies on this material 


EXPERIMENTAL RESULTS 
FIELD EXPERIMENT 
effect of No Nutrition on Late Blight: 
The size of the blight lesions varied from 30 mm. to 31.6 mm. on the 
leaves of plants receiving 60 pounds of N per acre and from 36.7 mm. to 
37.9 mm. on the leaves receiving the highest application of N, 210 pounds 


per acre. Significant increases in the size cf the blight lesions also resulted 
from the use of 150 and 180 pounds of N per acre. 


vide 
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Effect of P Nutrition on Late Blight 

The size of the blight lesions varied from 31.2 mm. to 32.9 mm, on 
leaves which received no application of VP fertilizer, and from 26.4 to 
29.6 mm. on the leaves which received the highest application of P. 350 
pounds per acre. The size of the blight lesions was smallest on the leaves 
which received the largest application of P? per acre 


Effect of K Nutrition on Late Blight 


The size of the blight lesions varied from 32.0 mim, to 32.6 mm, on 
the leaves which received no application of K. and from OK to 31.3 mm 


on the leaves which received the highest application of kK, 250 pounds per 
acre. The progress of the blight lesions was the most vigerots on leaves 
which received no appheation of K. As the amount of K applied increased 
from O to 250 pounds per acre the blight lesions showed a. signijicant 
decrease in size 

The combined graph in figure 2 clearly 
kK on the size af the bhelt lesions 


GREENHOUSE EXPERI 


The size of the blight lesions on leaves which received no appheation 
| 


ot Y was 31.1 mm. When 120 pounds of N vas applied the size of the 

blight lesions increased to 32.1 mm.. but when the amount of N 

increased to 240 pounds per acre the size of the bhyeht lesions decreases 
) 


? 


lo 29.8 nin Lhe size of the bheyeht lesions was 32 
applied. When the amount of P was 180 pounds per acre the size 

lesions decreased to 28.5 mm. Potassium also helped to decrease the 

of the bheht lesions. The size of the lesions with no appl ation of Kowa 
31.5 mm., with 180 pounds the size decreased to JOS 1 nad wath 360 
pounds the size was 30.7 mim 


when no Po wa 


The P? treatment was highly significant at the one per cent: level 
while the K treatment was significant at the five per cent level. The mtes 
action between N, P and K were significant at the one per cent level 


DISCUSSION OF RESULTS 


The field results of this study imdicated that 
amount of N applied to the soil imereased the size and growth of the 
blight lesions on potato leaves. This was in agreement vith the result 
obtained by previous workers. However, excessive applications of N 
no effect on the size and growth of the bl ght lesions on the potat leay 
in the greenhouse experiment This difference between the teld and 
greenhouse experiments may be due to the mereased vigor and size 
the potato plants yrown in the field or to the outbreak of leaf roll 
eccurred in the greenhouse 

The results of the P and K experiments indicated that there was a 
marked decrease in the occurrence and progress of the late blight fungus 
with each increase in the amount of P and K fertilizer applied to the soil 
The results of the P and K experiments were m agreement with those 
obtained by Janssen (7) who concluded that the plants from low P plots 
were damaged most by late blight. Hoveland, Berger and Darling (6) 
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also reported that TP? deficiency caused symptoms of leaf roll to appear 
much earher and with greater intensitity. This was in contrast with the 
work of Thomas (11) and Heigham (5) who suggested that potassium 
may be the determining factor in the disease resistance of plants. 


SUMMARY 


experiments were conducted in the field and the greenhouse to study 
the effeets of N, P and K_ nutritions on the incidence of late blight in 


potat 
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In the N experiments the results of the field and greenhouse were 
variable. In the field excessive amounts of N_ fertilizer had a marked 
' tendency to increase the size of the late blight lesions on the potato leaves 
In the greenhouse excessive use of N fertilizer did not merease the late 
: blight lesions on the potato leaves. 
The amount of P applied in the fertilizer was the most. signiheant 
factor in determining the size of the late blight lesions. Large applications 
of P decreased the size of the late blight lesions on the potato leaves, while 
. the progress in the size of the late blight lesions was most rapid in leaves 
) receiving no application of P 
Significant decreases in the size of the late blight lesions resulted 
| from the high applic: | K fertilizers, | K wi as efficient as P 
‘ gh applications of fertilizers, but Ko was not as efficient as 
' in decreasing the size of the late blight lesions. 
\ 
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CONTROL OF THE POTATO FLEA BEETLE WITH 
APPLICATIONS OF INSECTICIDES TO THE SOIT! 


W. A. Rawiins ann W. R. Younes? 


Recent reports have indicated that. the potato flea beetle. pitrix 
ueumerts, Is Nereasingly more difficult to control with DDT. This suggests 
resistance or tolerance, commonly the aftermath of repeated] exposures over 
everal generations of an insect species to an imsecticide. loss of the 
Hectiveness of a material in this manner dictates a change to other insecti 
cides of yreater potency ase ot the potato flen beetle ldrin 
hlordane and endrin have been proven satisfactory to replace DDT in the 
pra anc clu prograiis 

Phese insecticides are better known for control of soil inseets and in 
this role they are promising as a means of eliminating flea beetle larvae 
potato hills. applications are an accepted practice im the 
potato growing areas of western United States where the tato tuber 
lea beetle, tubes Is a serious problem. larvae of tl les feed 
extensively ¢ tubers causing small brown flecks in Hesh. The 
astern cue) is largely a foliage pest, chewing small holes 
in the leat tissue, but oecasionally the larvae cause Injury to the tubers 


Recently, Hofmaster (1) obtained excellent results with soil treatment 


to control cucumeris attacking potatoes im the astern Shore of Virginia 


He suggested soil appheation as an alternate means of controlling the flea 
beetle bie other method bemy foliage sprays dusts 

In New York marked decreases in flea beetle infestations have r sulted 
Irom soil treatments for wireworm control, This has been eenerally 
recoviized potato erowers and have been enthusiast ove! soil 
Insecticides as a means of controlling flea beetles \ soil appheati n zmed 
olely at flea beetle control would be an additional operation preparatory 
to planting. The efficieney of such a practice is questioned since foliage 
appheations at the proper times would also achieve adequate control, The 
insecticides may be added conveniently to the fungicide usuall appled at 
Trequent intervals durimy thre Yrowlhy scason Hlowever, it is conceivable 
that soil treatments might supercede foliage spravs or dusts in the event 
ot beetle resistance to msecticides. This presupposes that the larvae do 
Het acquire the same « of tolerance as the beetles 


\IATERIALS AND Metiops 


Some research done in New York is placed on record as cont mung 
Hlofmaster’s rk (1) in Virginia. The potato flea beetle is mot as serious 
in New York as in the Eastern Shore area. The Investigations started in 
1953 with a small plot experiment using soil appheations of aldrin, dieldrin 
and heptachlor apphed at 2 pounds per acre. The insecticides, diluted in 
water, were sprinkled evenly over the soil surface and tulled into thi upper 
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Hill counts of larvae and pupae were taken in mid-August but the 
infestation was extremely uneven. Two of the replicates were heavily 
infested whereas the others were not. Immature stages were found only in 
the untreated areas indicating a favorable response and the possibility for 
a high degree of larval control. 

\n assessment of foliage injury was not made because of the pre 
conceived notion that the beetles upon cmergence would scatter with 
abandon and they would fail to respect the boundaries of plots. Beetles from 
the untreated areas might spread to plants im the treated plots giving a 
false impression of the effectiveness of the treatments. However, the 
removal and examination of the soil from the potato hills proved to be 
laborious, time-consuming and dependent upon a good friable condition 
of the soil. Rains in the midst of sampling, prolonged operations to allow 
the soil to dry sufficiently for handling. Examination of the soil for the 
small, immature forms of the flea beetle had to be abandoned. 


1954 Tests 


In 1954 to meet the problems posed by beetle migration single fields 
and large areas of fields were treated. The difficulty inherent in this lay 
out was the lack of adequate replication and the physical restriction on 
the number of materials that could be compared adequately, Small plots 
were continued in two experiments, one in Long Island and the other in 
Steuben County. Most of the work was done in cooperation with 
commercial growers who sprayed regularly. The sprays reduced flea beetle 
populations considerably so that foliage injury was generally light 

The insecticides were applcd to the soil after plowing and tilled into 
the upper layer. Beetle injury, feeding holes in the leaves, was determined 
after the appearance of the overwintering beetles and again after emergence 
of the mid-summer population 

The large scale experiments (Table 1) comprised fields on 3 farms 
In one comparison heptachlor at 2.5 pounds per acre was tilled into a small 
field subse (jue ntly planted to Irish Cobblers for an early « roy The check was 
another field nearby on a neighboring farm planted at the same time and 
with the same variety. The third field was divided into 3 parts, one strip 
treated with dieldrin, one with heptachlor and the third left untreated 


ABLE | lea beetle injuries to the foliage and tubers from treated 
and untreated fields 


Injur n 20 Terminal Injured 
\pplication Leaflet 
Rate 
Pounds per 7 »7 Per cent 
\ere 
bield Heptachlor 25 ) 
Field 2 Untreated None 1245 OW 7 7 
Heptachlor 
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RESULTS 


Counts of injuries on 20 terminal leaflets taken during June prior to 
the appearance of the mid-summer brood of beetles imdicated that the 
soil treatments had reduced the feeding of the overwintering population. 
Presumably the beetles may have been killed by contact with the treated 
soil during egy laying activities. Later in the season data were obtained 
on the feeding of the summer population during late July. Marked 
reductions im mjury were noted im the treated areas. Plants in field 3 
were sprayed with DDT at the time of beetle emergence. Obviously, the 
beetles in this field were not DDT tolerant. The other two fields were not 
prayed with an msecticide. Reduction of the overwintering populations 
markedly decreased larval feeding on the tubers 

\ssessment of beetle injury m the small plots, each 1/100 acre in 

was a pleasant surprise. The data are summarized in table 2 for 

Long Island experiment. In spite of the light infestation very signifi 
cant differences were noted between the untreated checks and the 
treatments. All the treatments performed sinularly. The reduction of foliage 
injury by the preplanting soil treatment was more than 9O per cent which 
is as good or better than foliage insecticide applications 


VWean number of flea beetle feeding myuries on 60 tes nal 
leaflets collected from plants in treated soul 
Long Island. July, 1954 


Preatment \pplication Rate Number of Injuries | Per cent Reduction 


Pounds per Acre 
ntreated 
Dieldris 
Heptachlor 
\ldris 


sccond small plot expernnent Steuben County Was lightly 
infested due largely toa DDT spray apphed at the time of beetle emergence 
lhe differences im imjury among treatments (Table 3) were more widely 


pread than in the previous experiment Despite these differences the only 


iwnificant comparison ts between the untreated and the treated as a group. 
Phe inter-replieate variation within treatments was rather large, a result 
net too unexpected with a light infestation 

Phe Long Island plots were replanted in 1955 without further treat 
ment. Injury in treated areas was sparse again. In the untreated plots 
counts were of the same order as the previous vear. However, no differences 
in magnitude of myury was evident among the checks and treatments 
indicating a loss of effectiveness of the insecticides after one season 

The results of these investigations confirmed the work of Hofmaster 
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Vean number of flea bectle injuries on 60 terminal leaflets 
collected from plants grown in treated soil 
Steuben County. August, 1954 


Treatment Application Rat Number of Injuries |) Per cent Reduction 


Untreated Pounds per Acre 
Aldrin (e.c.) 3 
Endrin 
lindane ] 
Aldrin (gran) 3 
Chlordane (gran) 

Isodrin 

Chlordane (e.c.) 

Heptachlor 

Dieldrin 

Endrin 


I 5 per cent 


(e.c.)—Emulsifiable concentrate 
(gran )—Granular formulation 


(1). Insecticides introduced imto the soil were effective im reducmy 
damage frome the feeding of the potato flea beetle, Control is due to a 
reduction of the larval population in the soil 
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| \RGES POTATO W ANTED 


National Potato Chip Institute is searching for “SPUDNIK® 
potato 


\ S100 Bond will ln pre ented 1 person whe 
sults the st spud, what beheved to be the uch contest 


lhe contest 1s open to anyone who beleves he or s has an 
tionally large potato and all entries should be sent to the National Potato 
Chip stitute, 946 Hanna Building, Cleveland, Olio 

\ll tries will become. the property ol the National Potato Clup 
lnstitute and will not be returned 

Phe world’s largest potato will be displa ed alony with the world 
largest potato chip--supplied by a chip manufacturer-—at the 21st Annual 
N PCL Conference at the Hollywood Beach Hotel, Hollywood, Florida, 
January 22-26, 1958 
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EERFECT OF ILLUMINATION AND WAXING ON THE 
CHLOROPHYLIL. DEVELOPMENT IN SCRUBBED 
WHITE ROSE POTATO TUBERS! 


DD. Howarp?, M. Yamacucui® anp H. 


White Rose potato tubers harvested in the fall and winter in 
California have been observed to green excessively while displayed in the 
retail markets, It has been suggested that the greening might be due to 
washing and scrubbing practices employed at the packing sheds. Potatoes 
grown in the early spring are harvested relatively immature with a thin 
pale skin, At full maturity, however, the skin is thicker and darker brown. 
The tubers can be quite dirty when dug after the winter rains commence. 
Since buyers demand that they be as light in color and smooth-skinned as 
possible, newly harvested potatoes are scrubbed in water through a series 
ot 24, 48, or 72 brushes in order to remove soil and some of the outer 
tissue 

Iexpermments were conducted to determine the relationship of scrub- 
bing to subsequent greening and what steps might be taken to reduce it. 
‘The effects on the chlorophyll development In potatoes from scrubbing 
with different numbers of brushes, waxing, and covering with burlap were 
included in these studies. 


MATERIALS AND Metnops 

\ preliminary survey showed that potatoes displayed in local super- 
inarkets received from 35 to 150 foot-candles from fluorescent ceiling 
lights. Usually it was about 70 foot-candles. Sometimes an incandescent 
spotlight in the ceiling was focused on the potatoes. A daily exposure of 
10 to 12 hours is normal in stores 

Since Isenberg (1) found littl differences between continuous and 
imternuttent Hlumination in his studies of chlorophyll development in 
potatoes, continuous light was used in all these experiments. The potatoes 
were placed on tables under banks of fluorescent lights (cool white) and 
received approximately 65 to 70° foot-candles. White Rose potatoes of 
fairly uniform size, obtained from packing sheds, were transported to 
Davis in cardboard cartons covered with a tarpaulin. The tubers in the 
check lots were hand-washed in the laboratory to remove soil. 


vperiment 1 Potatoes grown near Riverside, California, planted 
March 14, 1956, were harvested on July 25, two weeks after the tops went 
down due to withholding of water. Tubers were selected before and after 
hemg washed through a series of 24 or 48 brushes. The skins were quite 
thin and were partly removed by brushing. 

The treatments were set up as a randomized split plot design, brushes 
hemg the main treatment and burlap coverings (7% and 10 oz.) the 


' Accepted lew publication May 15, 1957 
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sub-treatment, with four replications of 25 tubers each. The light intensi 
ties under the 7'2-0z. and 10-02. burlap ranged from 15 to 20 and 4 to 8 
foot-candles, respectively (as measured by a Weston Light Meter). For 
the dark treatment, the tubers were kept in potato cartons. The potatoes 


were exposed to the light for 93 hours at a room temperature of approxi 
mately 80° FF. This would be equivalent to about eight davs of market 
display. The exposed surface of the upper half of the tubers was used in 
the chlorophyll determination. The tissue containing chlorophyll was 
removed with a potato peeler and chopped. Fresh samples weighing 100 
grams were put into plastic bags and quick-frozen with dry ice. 


xpertment 2, Potatoes grown near Shafter, California, were 


planted July 25, 1956, and harvested December 13, The tops gradually 

went down about one month before harvest. The tubers, scrubbed through 
a series of 48 brushes, were compared with unscrubbed ones 

Johnson's Clearfresh Wax No. 5716 was applied to the scrubbed tubers 

\ small cellulose sponge saturated with the liquid wax was squeezed so 

shtly damp to the touch. The wax was then applied 

to the tubers, leaving a thin film on the surface. The waxed tubers were 
air-dried for 15 minutes before being exposed to the lights 

The treatments—-check, 48 brushes, and 4&8 brush-waxed —were set 

up ina randomized block design with four replications of 50 tubers each 

The tubers were iluminated at about 70 foot-candles for 70 hours at a 

room temperature of approximately 75° F. This would be equivalent t 

nearly six days of market display. 
Twelve cores approximately one square centimeter in area were 


that the sponge Was shi 


removed trom the exposed surface of the tubers with a cork borer. Dises 
approximately one millimeter thick, which contained all the chlorophyll 
tissue, were cut from these cores. All discs from a single replication were 
nuxed in a beaker of water and 100-dise samples were frozen for each 


determination 


nent 3 Phe potatoes planted near Hemet, California, during 

\ugust 3 were used im this test. The tops were killed by frost on 
November 3. The tubers were harvested on January 31, 1957, and washed 
and scrubbed with 48 or 72 brushes. Unserubbed tubers served a 

The treatments were set up in a split plot) design as im 
expernment, vitl brush sas the maim treatment ancl burlap covermys a 
the sub-treatment. The treatments were replicated three times with 30 
tubers in each re plication Saniple s from all treatments were taken after 24 
and 43-hour exposures to light except that no sample was taken from the 
72-brush treatment after 24 hours of illumination. The rest of the potatoes 
continued to be Wluminated for a total of 67 hours under light conditions 
smiular to experiment 1. This period would be equivalent to approximately 
ix days of market display 

The tubers were samipled as In expernnent 2 except that the dises 
from the apical and stem end were analyzed eparately. After quick 
freezing, the dises were lyophilized and then ground in a Wiley Mill. The 
data on apical and stem-end chlorophyll content were subjected to the 
t-test 


( hloroph I] Analysis 


Chiorophyll was determimed by the aleohol extraction method 
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deseribed by Larson (2). The standard curve for chlorophyll was obtained 
Irom a modified procedure of the A.O.A.C. (3) as communicated by 
Isenberg (1) 

The results in experiment 1 are given as mg/100 g fresh weight of 
potato peel and in experiments 2 and 3 as mg/100 sq. cm. of surface. 


RESULTS 


xperiment 1. The results of this experiment, as shown in table 1, 
show that brushes did not influence the greening in the uncovered tubers 
or in those covered with 7'4-oz. burlap. Under 10-oz. burlap there was no 
difference between treatments except for the 48-brush treatment which 
contamed significantly more chlorophyll than the unbrushed, Covering with 
burlap significantly decreased the chlorophyll content of the tubers 
compared with those fully exposed. The heavier burlap effected a greater 
decrease in the chlorophyll content, 


Eavpertment 2. After 21 hours of illumination the checks appeared 
lightly green, and the 48-brush and 48-brush-waxed treatments showed 
definite greening. After 46 hours the checks showed definite greening 
(grayish-green), whereas the other treatments appeared much greener 
than after 21 hours of illumination. The 48-brush and 48-brush-waxed 
treatments appeared similar in color, but the checks were definitely grayish 
and lighter green after 70 hours. This was probably due to the effect of 
skin thickness which masked the green color, 

The chlorophyll contents are shown in table 2. There was no signifi- 
cant difference between treatments. Neither waxing nor brushing had any 
cHfect upon greening 


Experiment 3. After 24 hours of full light, a very slight green tint 
was observed im all treatments. At 43 hours all treatments showed definite 
greening ; the checks appeared brownish-green, No color differences were 
visible between the 48- and 72-brush treatments. At the end of the experi 
ment (67 hours) all tubers appeared green. The checks. still remained 
brownish-green as noted after 43 hours. The potatoes under burlap were 
not so green as those exposed to light 

Table 3 shows the chlorophyll content of the different treatments. 
There was no significant difference caused by brushes after 24 or 43 hours 
in full light; with brushing, however, there was a trend for higher 
chlorophyll content. After 67 hours of illumination the 48- and 72-brush 
treatments showed significantly higher chlorophyll content than the no 
brush treatment. The apical ends of tubers from the 72-brush treatment 
were significantly higher in’ chlorophyll than those of the 48-brush 
treatment exposed for 67 hours. As was found in Experiment 1, covering 
with burlap significantly decreased the chlorophyll content —the heavier 
the burlap, the lower the chlorophyll content, The chlorophyll content of 
the tubers im full light increased with length of exposure. The chlorophyll 
content of the apical end was significantly higher (1 per cent level) than 
that of the stem end 
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TABLE 1.—Effect of scrubbing and covering with burlap on chlorophyll 
content of White Rose tubers illuminated with 65 to 70 foot 


candles for 93 hours. Average of 4 replications. 


Number | 


71 
»-OZ 
ol | ight 1 


10-oz. | LSI ) 
surlap | Burlap 


Dark 
1 Per cent! 5 Per cent 
(Mg. Chlorophyll per 100 Gms. Peels FW.) 


| 


0 (Check) 0.53 | .34 | 0.01 0.04 
24 0.54 0.38 0).27 0.01 0.04 
48 0.57 0.36 0.29 0.0] 0.04 


LSD 5 per cent 0.06 0.06 0.06 
LSD 1 per cent 0.09 0.09 0,09 


TABLE 2.~-Effect of % axing on the chlorophyll content of scrubbed Whit 
Rose potatoes Uluminated with 70 foot candles fov 70) 
hours. Average of 4 replications 


Treatment Light Dark 
(Mg. Chlorophyll per 100 Sq. Cm 
0 (Check) 0).22 
48 brushes 0.24 
48 brushes-waxed 0.23 


OO] 
0.0] 
0.0] 


LSD 5 Per cent 0.03 


DiscUSSION 


In Experiment 1 no difference was detected between any treatment 
except for the 48-brush treatment covered with 10-07 burlap which con 
tained more chlorophyll than the unbrushed. This may have been due to 
the long period of ilismination (93 hours) or to the poor skin development 
as the tubers were harvested only two weeks after the tops 
Many tubers showed “feathering” as compared with 
other experiments. 

Waxing apparently did not reduce the light intensity 
any differences in chlorophyll development. 

No differences were noted between the unbrushed and the brushed 
‘reatments in Experiment 2. In this case the skin of the unbrushed subers 
was relatively thin and apparently had little effect on the amount of light 
transmitted to the live cells below However, the brushed tuber 
i trend toward a higher chlorophyll content 


were down 
those used the 


enough to cause 


howed 


The tubers of experiment 3 were in the ground for nearly 
after the tops had ced down, The ir skin wa well cle veloped, being (pute 
thick and brown. In this case s rubbing with 48 or 72 brush 


two months 


s cleansed the 
potatoes enough so that they appeared degnitely lighter in color. Tubers 
of the previous experiments (1 and 2) did not have this browns! 
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appearance, After 67 hours of exposure under full light, scrubbed tubers 
showed an increase in chlorophyll content. The heavier the burlap used to 
cover the potatoes, the greater was the reduction in chlorophyll develop 
ment. There was no difference in the chlorophyll development between 
the 48- and 72-brush treatments under either weight of burlap 

Chlorophyll formation in the tuber appears to be a function of light 
intensity as well as length of exposure 

The apical end of the tuber appeared greene! than the stem end, and 
this was verified statistically. 

If the trade demands that potatoes be scrubbed at th packing shed, 
precautions should be taken to reduce chlorophyll development in the retail 
store. This can be done by keeping potatoes in the dark in cartons and only 
displaying enough from day to day to satisfy consumer demand. The use 
of consumer-size bags made of 10-0z. burlap would reduce greening. Since 
the tubers next to the burlap in any bag will gradually become green, the 
bags should be kept in the dark and displayed under lights only in. such 
numbers as needed each day 


SUMMARY 


White Rose potato tubers, scrubbed through a series of 24, 48, or 72 


brushes, were exposed to fluorescent light for various periods of time 
Scrublhe d tubers contamed more ¢ hlorophyll ‘Tubers under burlap were less 
green than those exposed to full light. Those under 10-07. burlap showed 
less greening than those under 714-0z burlap. Waxing the tubers had no 
effect. on chlorophyll formation. 

Ways to reduce chlorophyll development in potatoes are suggested 
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USDA PROPOSES REVISION OF GRADE STANDARDS 
FOR POTATOES 

Changes in U.S. Standards for potatoes were proposed recently by 
the U.S. Department of Agriculture. 

During the past 25 vears, since the last significant change was made 
in these U.S. Standards, the quality of potatoes and handling methods for 
them have improved appreciably and consumers now expect better appear- 
ance and quality, USDA marketing officials explained. 

The potato industry was surveyed last spring to measure the adequacy 
of existing U.S. grades. A majority of the 900 replies from individual 
and industry groups, representing all sections of the country and_ all 
segments of the imdustry, medicated that the respondents customarily 
packed, sold, or bought potatoes of a higher quality than the U.S. No. 1 
grade, which ts the primary trading grade used in merchandising potatoes. 

Therefore, officials said, the Department is proposing that “the 
tandards for potatoes be revised to bring them into alignment with current 
marketing practices and to make them a better, more realistic trading 
cle Vice 

\t the present time there are five wholesale grades for potatoes, U.S. 
Kaney, U.S. Extra No. 1, U.S. No. 1, U.S. Commercial, and U.S. No. 
2, in addition to two consumer grades, U.S. Grade A and U.S. Grade B, 
Which are further subdivided into four size requirements. 

Under the proposed revision, the U.S. Faney grade would be 
climinated. [tis not now extensively used. It is proposed that requirements 
for the U.S. extra No. 1 be tightened in respect to maturity, cleanliness, 
and tolerance for defects, so that this grade will provide a practs al basis 
for wholesale buying and selling premium pack potatoes. The revised U.S 
extra No. | grade would also be suitable for "se by packers who wish to 
buy potatoes for packing U.S. Grade \ in consimer-size packages, without 
incurring excessive wastage or shrinkage 

lolerance for detects would be reduced in three grades. The limit for 
detects inthe U.S. Extra No. 1 grade would be 5 per cent. For U.S. No 
l and | me No. 2 vrades, an & per cent total tolerance for defects 1s 
proposed, meluding not more than 5 per cent of either external or internal 
defects. The tolerance tor defects in the U.S. Commercial grade would 
remain at 20 per cent with the same tolerance for culls as is established in 
the | S.No 2 vrack 

Phe 3 per cent tolerance for potatoes affected by bacterial wilt. ring 
rot, or late blight would be retained in all grades except in US. Extra 
No. | where it would be reduced to 2 per cent. The tolerance in all grades 
for potatoes affected by freezing myury, soft rot, or wet breakdown would 
he reduced to one-half of 1 per cent at shipping peint, but would remain 
at ] per cent for mspections performed en route or at destination 

Present standards for potatoes provide minimum size requirements 
for each grade. It is proposed that the revised standards be brought imto 
conformity with those for a number of other fruits and vegetables by 
dropping specific minimum size requirements and basing grade determina- 
tions on other quality. factors only. Specialized size, weight, or count 
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classifications have been adopted so generally by the potato industry that 
an arbitrary minimum size in the grade is no longer useful or practicable, 
officials said. Improved Size A and Size B classifications, and a new Size 
C classification, are proposed for optional use along with the standards 
lor potato grades, 

The proposed revised standards provide that a minimum size or weight, 
or a count per container, may be specified for a lot of potatoes in connection 
with a U.S. grade. 

A number of changes of lesser importance are contained in the 
proposed standards which were published in the Federal Register of 
November 8, 1957. A period of 90 days following publication, or until 
February 7, 1958, is provided for interested persons to submit views or 
comments to the Fruit and Vegetable Division, Agricultural Marketing 
Service, USDA, Washington 25 .D. C. 

If it appears to be desirable, officials said, the Department will schedule 
additional national or district meetings to discuss the matter with industry 
groups 

It is the Department's intention to make July 1, 1958, the effective 
date of any revised standards which may be adopted, based on the proposed 
revision issued today. 


Potash and Potatoes 


Potatoes are a major item in the American diet. 
Potash is a major item in the potato diet. Potatoes are 
greedy feeders on potash. They use more of this plant food 
than nitrogen and phosphoric acid combined. To grow a 
good crop of No. 1’s, soil and fertilizer must supply at least 
200 lbs. of available potash (actual K2O) per acre. Consult 
your official agricultural adviser or experiment station about 
the fertility of your soil. Write us for information and liter- 
ature on how to fertilize your crops. 


AMERICAN POTASH INSTITUTE, INC. 
1102 Sixteenth St., N.W. Washington 6, D. C. 


Member Companies: American Potash & Chemical Corporation @ Duval 

Sulphur & Potash Company e Potash Company of America ¢ 

Southwest Potash Corporation e United States Potash Company 
Division of United States Borax & Chemical Corporation 


University Microfilas 
313 North lst s+ 
Ann Arbor Michiga: 


MAINE CERTIFIED 


Ist CHOICE FOR 


SEED POTATOES 


Growers know they can expect good returns 
when they plant the quality that for more 
than 40 years has made MAINE a leading 
source of fine 


CERTIFIED SEED 
CLEAN — DEPENDABLE — SURE 


Maine is the nation’s “Shopping Center” for Better Seed 
Potatoes — Twenty-five varieties and various grades. 


e 
Sized To Meet Your Needs 


Regular: 174" - 3%". (Any closer size within these limits is permitted.) 


Sized: 1744” -2'4". The most popular size range. Carries blue tag, 
plus size tag. 


Size B: 114” -2”. Carries green tag. 
Small Size: 1144” - 2%”. Carries white tag. 


The Maine Seed Potato list for 1957 is easy to use. All 
varieties are listed separately — with cross references to 
growers with more than one variety. 


For Free Copy Write Paul J. Eastman, Chief, Division of Plant industry, 


MAINE DEPARTMENT OF AGRICULTURE 
AUGUSTA, MAINE 


: 


